The m-covering radius of a code is a recent generalization of the covering radius of a code. It is the smallest t such that every m-tuple of vectors is contained in a ball of Hamming radius centered at some codeword. We derive new lower bounds for the size of the smallest code that has a given length and m-covering radius.
Introduction
The purpose of this paper is to give improved lower bounds on the size of the smallest codes exhibiting a given multicovering radius. These bounds are improvements on generalized sphere bounds for multicovering radii 3] .
Multicovering radii, which were introduced recently 3], are de ned as follows. We let F = f0; 1g denote the eld with two elements. We also denote the Hamming distance between two vectors u and v by dist(u; v) and the complement of a vector v by v.
De nition 1.1 Let C be a binary code of length n. Let This is a natural generalization of the classical notion of covering radius, which is exactly the case when m = 1 1, 2] . In this paper, we are interested in the size of the smallest code with a given length n and m-covering radius at most t, denoted K m (n; t). For linear codes, the dimension of the smallest code with length n and m-covering radius at most t is denoted k m (n; t). There may be no code with a given length n and with mcovering radius less than or equal to a given t. In this case we say K m (n; t) = k m (n; t) = 1.
We recall several known facts concerning K m (n; t).
Proposition 1.2 (See 3])
For any n; m; t 2 N , we have 1. K m (n; t) K m+1 (n; t) and k m n; t] k m+1 n; t]; 2. K m (n; t) K m (n; t + 1) and k m n; t] k m n; t 
For a xed value of dist(c; u i ), we want to think of this as a linear equation in the a j s. It is necessary that both dist(c; u i ) t, and dist(c; u i ) t. It follows that dist(c; u i ) n ? t. Thus n ? t ? kd i s X j=1 v i;j a j t ? kd i :
In particular, there are 2t ? n + 1 possible values for P s j=1 v i;j a j . If we make a choice of such a value for each i, then we have a system of s equations in the s unknowns a j , and the matrix of this system is H. Thus there is a unique solution over the rational numbers, and so at most one solution with a i an integer between 0 and k.
Once we have determined a solution fa j g to the system of equations, a particular c is determined by a choice of which a j of the k bits in the jth block will be ones. 
